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ABSTRACT 


The  effect  of  several  controlled  variables  on  the  peak  titer 
and  fold  Increase  of  Rift  Valley  fever  virus  grown  in  suspension 
culture  on  two  variants  of  Earle  L  cell,  L-DR  and  L-MA  Clone  1-1 
was  studied.  No  significant  amount  of  cell -associated  virus  was 
found  at  24  hours,  indicating  a  release  of  virus  soon  after  its 
formation.  Mild  sonic  treatment  of  the  virus  produced  in  serum- 
free  medium  increased  the  Infective  titer  about  10-fold.  This 
difference  ves  not  observed  with  virus  produced  in  medium  supple 
mented  with  serum.  Peek  titer  is  not  affected  by  medium  used 
during  the  infection  period,  multiplicity  of  Inoculum  (MOI),  or 
initial  cell  concentration  within  the  teat  range  of  1  x  10*  to 
2  x  10°  cells  per  ml.  Cell  strain  employed  influenced  titer, 
because  the  L-DR  cell  did  not  produce  virus  efficiently  at  law 
MOI  and  low  initial  cell  concentration.  The  time  of  peak  titer 
and  fold  replication  waa  dependent  on  MOI  and  initial  cell  con¬ 
centration.  Differences  in  virus  propagation  in  monolayer  and 
suspension  systems  are  discussed. 
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I.  INTRODUCTION* 


Rift  Valley  fever  virus  (RVFV)  Is  an  arthropod -borne  virus  prevalent 
in  the  Kenya  area  of  Africa.  It  Is  a  disease  that  Infects  doMStic  anieals 
as  well  as  nan.  The  firat  successful  cultivation  of  RVFV  in  tissue  culture 
was  accomplished  almost  37  years  ago  by  Daubnay,  Hudson,  and  Otnhas,1 
using  blood  plesoui  or  serua  f run  infected  nice  es  e  source  of  cells. 
Saddlngton8  was  the  first  to  propegsts  RVFV  successfully  on  a  chorioallan¬ 
toic  membrane  of  9-  to  10-day-old  chick  embryo.  The  virus  was  present  in 
large  numbers  on  the  membrane,  tan i otic  fluid,  and  livers  from  the  embryos 
5  dsys  post -inoculation.  It  was  also  suecassfully  propagated  in  the  yolk 
sac  and  the  chorioallantoic  menbrane  by  Kaschula*  who  obtained  highest 
titers  of  the  virus  from  8-day-old  embryonic  eggs  inoculated  In  the  yolk 
sac  and  harvested  48  hours  post -inoculation. 

RVFV  has  also  been  grown  in  several  types  of  tissue  cell  cultures .*-11 
In  addition,  both  the  neurotropic  and  pantroplc  variants  of  the  RVFV  were 
titrated  successfully,  using  plsque  formation  on  rat  sarcoma  cells,9 
Chang's  human  liver  cells, 13  and  sheep  kidney  cells.1*  Randall  et  al.l* 
used  monkey  kidney  cells  to  produce  a  vaccine  to  RVFV. 

Orlando,  Delauter,  and  Riley1®  reported  that  the  optimum  virus  input 
multiplicity  was  approximately  2.5  M£CLDm.  More  recently,  Johnson  and 
Orlando,18  using  a  monolayer  tissue  culture  system  of  mouse  fibroblast -like 
cells,  described  the  growth  of  RVFV  and  reported  on  optimum  pH,  input 
multiplicities,  and  medium  volume  for  this  system.  They  also  developed 
and  described  grwth  curves  for  both  monolayer  and  suspension  systems. 

At  present,  little  information  la  available  for  optimizing  conditions 
for  the  infection  and  propagation  of  RVFV  in  a  suspension  system.  It  was 
our  purpose,  therefore,  to  describe  the  growth  of  RVFV  in  suspension  culture 
of  two  established  tissue  cell  lines  and  to  test  the  variables  of  multi¬ 
plicity  of  Inoculum  (MOI),  cell  concentration,  and  tissue  cell  medium 
during  Infection.  These  variables  were  so  arranged  in  factorial  design 
that  both  main  effects  and  interactions  could  be  determined.  On  the  basis 
of  the  data  obtained,  efforts  were  made  to  select  a  tissue  cell  line  for 
optimising  growth  conditions. 


*  This  report  should  not  be  used  as  a  literature  citation  in  material  to  be 
published  in  the  open  literature.  Readers  interested  in  referencing  the 
information  contained  herein  should  contact  the  senior  author  to  ascertain 
when  and  where  it  may  appear  In  citable  form. 
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A.  VIRAL  STRAIN 

A  small  plaque  variant  of  the  pantropic  van  Wyk  strain  of  EVTV  isolated 
by  Boyle17  and  grown  in  cultures  of  L  cells  was  used  as  the  primary  seed 
stock.  The  working  virus  stock  was  developed  by  two  passages  from 
tbs  original  Isolation.  The  virus  suspension  containing  10?  and  10® 
aouae  intracerebral  lethal  doaes  (HICLD—)  was  stored  in  2 -ml  amounts  at 
-173  C. 


B.  VIRAL  ASSAY  PROCEDURES 

Suspension  fluid  frost  virus-infected  culture  wee  removed  end  10-fold 
eerial  dilutions  wars  made  in  e  mixture  of  one  part  medium  199  and  two 
parts  of  Banks  balanced  salt  solution  (v/v)  supplemented  with  101  calf 
aarua.  White  mice  of  the  Port  Detrlck  Swiss-Webster  strain  weighing  10 
to  14  grams  were  inoculated  intracerebral ly  with  0.03  al  of  virus  dilution. 
Eight  mice  were  lnoculeted  per  dilution.  Deaths  were  recorded  during  the 
next  6  days,  eliminating  deaths  that  occurred  during  the  first  24  hours, 
which  were  asauatd  to  be  traumatic.  The  problt  method18  of  calculating 
MICUXg  values  was  used. 


C.  DISRUPTION  OP  CELLS  BY  SONIC  TREATMENT 

The  Branson  Sonifler  was  used  with  5.0  al  of  cell  suspension  placed  In 
a  12  by  75  am  Falcon  plastic  tube.  These  were  cooled  In  tap  water.  The 
eonlc  oscillator  probe  was  submersed  in  the  cell  suspension  and,  except 
aa  noted,  the  sonic  treatment  given  was  for  20  sec  per  20  kc  at  an  input 
of  10  watts.  More  than  99%  of  the  cells  were  disrupted  by  this  treatment. 


D.  MULTIPLICITY  OP  INOCULUM 


MOIs  were  determined  by  the  following  formula: 


where 


— ■— — - ■  -  m  volume  of  virus  Inoculum  to  be  used19 
D 

A  is  the  tissue  cell  count  per  ml 
B  is  the  volume  of  tissue  cells 
C  Is  the  MOI  based  on  MICLDK  desired 
0  is  the  virus  titer  (MXCLD^,/ml). 


E.  TISSUE  CELL  STRAIN 


A  variant  of  the  Earle's  L  cell  (L-MA)  was  obtained  from  Dr.  Donald 
Merchant,  University  of  Michigan,  Ann  Arbor,  Michigan.  Cells  were  main¬ 
tained  antibiotic-free.  A  selected  clonal  line  designated  L-MA  Clone  1-1 
was  established  and  used  as  one  of  the  tissue  lines  in  this  study.  A 
second  variant  of  Earle's  L  cell  was  also  used,  the  L-DR  line  isolated  and 
described  by  Daniels  et  ai.30 


F.  TISSUE  CULTURE  PROCEDURE 

The  Merchant  spinner  flask*  was  used  to  grow  tissue  cells.  All 
cultures  were  rown  in  antibiotic-free  medium.  The  growth  medium  for 
the  L-MA  Cl  1-1.  cell  was  medium  199  supplemented  with  0.05%  Bacto -peptone. 
Medium  used  to  propagate  the  L-DR  tissue  cell  line  was  composed  of  Eagla'a 
minimum  essential  medium  (EMEM)  as  modified  by  Daniels  et  al.»°  Medium 
was  supplemented  with  10%  bovine  serum  ea  noted.  Viability  of  cells  was 
determined  by  the  erythrosin  B  exclusion  method,  and  all  cultures  used  had 
a  viability  of  95%  or  greater.  Cells  were  free  of  contamination  by 
pleuropneumonia-like  organisms  (PPLO),  as  determined  by  repeated  failure 
to  detect  organisms  on  PPLO  agar.  Bacterial  contamination  was  checked  by 
suitable  agar  and  suspension  culture  techniques.  Throughout  these  studies, 
the  tissue  cells  were  routinely  harvested  near  the  peak  of  the  log  phase. 

G.  INFECTION  OF  CULTURES 

Prior  to  infection,  tissue  cells  were  cemcentrated  by  centrifugation 
(3,000  rpm  for  10  min  at  4  C)  and  resuspended  to  the  desired  cell  concen¬ 
tration  in  the  test  medium.  Cultures  were  adjusted  to  pH  7.4  prior  to 
infection.  The  desired  MO I  of  the  virus  was  seeded  directly  into  suspension 
tissue  culture  flasks**  and  Incubated  on  the  reciprocal  shaker  (100  three- 
inch  strokes/min)  at  37  C  for  various  periods  of  time,  dependent  on  experi¬ 
mental  design.  The  cultures  were  assayed  for  virus  propagation  at  0,  24, 

48,  72  and  96  hours  unless  otherwise  indicated  by  experimental  design. 


H.  EXPERIMENTAL  STUDIES 

The  work  reported  here  is  divided  into  four  areas  of  Investigation. 

In  the  first  two  preliminary  experiments,  the  effect  of  sonic  treatment 
of  the  culture  and  of  cell  concentrat icxi  on  the  titer  of  the  virus  was 
determined.  These  experiments  were  followed  by  two  factorial  experiments 
for  studying  main  effects  and  interactions  of  selected  variables  on  infec¬ 
tion  and  virus  propagation  in  a  suspension  tissue  culture  system. 


+  Quality  Glass  Apparatus,  tnc.f  2821  South  State  St.,  Ann  Arbor,  Mich. 


Under  certain  condition!,  RVFV  tended  to  clump  or  aggregate,  making 
sonic  disruption  necessary  for  an  accurate  assay.  For  this  experiment, 

L-MA  Cl  1-1  tissue  cells,  gram  either  with  or  without  serum  supplementa¬ 
tion  of  the  medium,  ware  employed.  HOI  was  0.01,  cell  concentration  was 
6  a  10*/ml,  snd  the  infection  period  was  24  hours.  The  sonic  Input  setting 
wst  10  watts  for  1  min.  After  this  manipulation,  virus  suspensions  were 
assayed  in  mice  and  HICLD^  ware  determined.  The  difference  between  the 
test  and  the  controlled  MlCLD.n  for  determining  both  the  effect  of  clumping 
on  virus  titer  and  the  amount  of  cell-associated  virus  present  was  used  for 
analysis  of  variance. 

The  second  preliminary  experiment  to  test  the  effect  of  RVFV  on  Infec- 
tlvlty  and  virus  propagation  in  the  L-Ha  Cl  1-1  tissue  cell  line  was 
propagated  in  peptone  medium  199  and  supplemented  with  10\  bovine  serum. 
Tissue  cell  concentrations  of  2  x  10^,  1  x  10^,  and  2  x  10^  were  used.  M0I 
was  0.01.  Viral  ticers  ware  assayed  after  0,  24,  43  and  7?  hours  of  incuba¬ 
tion.  MIClDg,  were  calculated  and  incorporated  into  analysis  of  variance 
to  determine  the  effect  of  cell  concentration  on  viral  infectlvlty  and 
the  possible  Interactions.  Growth  curves  of  RVFV  at  different  cell  concen¬ 
trations  sre  presented  to  illustrate  different  peak  titers  and  when  they 
occur  in  s  suspension  culture  system. 

The  first  mijor  experiment  was  a  Latin  square  designed  to  measure  main 
effaces  and  interactions  In  a  suspension  tissue  culture  Infected  with  virus. 
Variables  tested  in  this  design  were  (1)  five  cell  concentrations,  (il)  five 
multiplicities  of  Inoculum,  and  (ill)  five  media  in  which  the  tissue  cells 
were  suspended  at  the  time  of  inoculation.  (The  number  of  levels  tor  each 
of  these  main  effects  was  the  same,  thereby  constituting  a  Latin  square 
design  experiment.)  A  schema  illustrating  these  variables  and  experimental 
design  is  shown  in  Table  1,  This  design  was  repeated  with  two  tissue  cell 
lines.  were  calculated  after  assay  ac  0,  24  ,  48  ,  72,  and  96  houre 

of  viral  replication  or  propagation.  For  optimization  of  virus  titer,  an 
analysis  of  variance  was  performed  on  the  peak  titers  and  the  Initial 
titers  after  inoculation.  Both  main  effects  and  interactions  were  calcu¬ 
lated,  ard  growth  curves  were  plotted  to  illustrate  the  various  phases  of 
viral  replication  or  growth. 

The  optimum  conditions  for  viral  replication  or  propagation  were  deter¬ 
mined  from  these  results  and  incorporated  into  an  unreplicated  factorial 
arrangement  evaluating  cell  line,  infecting  medium,  celi  concentration, 
and  M0X-  A  schema  illustrating  both  variables  and  design  of  experiment 
is  presented  in  Table  2.  MICLDV  were  determined  after  0,  24,  48,  and  72 
hours  to  indicate  the  virus  titer.  An  analysis  of  variance  was  performed 
to  determine  mein  effects  and  interactions.  Growth  curves  were  calculated 
after  determining  the  main  effects  and  interactions  to  indicate  peak  levels 
of  RVFV  infectlvlty  or  propagation. 


TABLE  l.  SCHEMA  OF  VARIABLES  TESTED  IN  LATIN  SQUARE  DESIGN 
APPLICABLE  TO  CELL  LINES  L-MA  Cl  1-1  AND  L-DR 


Multiplicity 

of 

Inoculum 

Tissue  Cell 

Concentration  oer  ml 

2  x  106 

2  x  105 

1  x  105 

2  x  104 

1  x  106 

1.0 

Ml*' 

m  y 
m2 

M 

"3 

h5- 

0.1 

m5 

Mi 

m2 

m3 

Ha 

0.0001 

M4 

«5 

k2 

M3 

0.01 

M3 

H4 

M5 

Mi 

m2 

0.001 

*2 

“3 

H4 

*5 

mi 

a.  EMEM  BS,q:  Eagle' a  modified  essential  medium  supplement 

with  10%  bovine  serum. 


b.  M2  199  P  BS10  medium:  199  peptone  supplemented  with  101 

bovine  serum  -  commercial  powder  w/o  NaHCC>3 ;  Grand  Island 
Biological  Co.,  Grand  Island,  N.Y.  -  Bacto  peptone  0.05X: 
bovine  serum. 

c.  M3  USA  1  medium:  Institute  of  Tissue  Culture,  Powdered  Medium 

w/o  N&HC03 ;  Grand  Island  Biologic  Co.,  Grand  Island,  N.Y . 

d.  M4  La  Ye  medium:  Lactalbumin  hydrolysate  yeast  extract  10K 

Hanks  BSS,  100  ml;  dextrose,  1  g;  lactalbumin  hydrolysate, 

5  g;  yeast  extract,  1  g;  NaHSOj,  1  g.  Bring  volume  to 
1,000  ml,  sterilize  by  filtration. 

e.  M3  199  P  medium:  199  peptone  commercial  powder  w/o  NaHC03, 

Grand  Island  Biological  Co.,  Grand  Island,  N.Y. 


•  e.  i 


«*  5JS®SS?  o..  i-*.-*-TSF*i 


|  III.  RESULTS 

1 

|  A.  SONIC -DISPERSED  PARTICLES  OF  RVFV  IN  SUSPENDED  SYSTEM 
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!  Preliminary  experiments  utilising  the  monolayer  system  of  propagation 

f  indicated  chat  RVFV  was  unstable  in  a  serum-free  medium.  Therefore,  it 

l  was  necessary  to  investigate  and  determine  if  this  was  also  true  in  a 

suspension  system.  RVFV  was  propagated  in  a  suspension  system,  using  the 
*.  L-MA  Cl  1-1  tissue  cell  line  grown  in  serum-containing  and  serum-free 

\  media  inoculated  at  0.01  MOI .  Four  treatments  were  compared:  the  tissue 

I  cell  and  virus  suspension  with  and  without  sonic  treatment  (Table  3,  Treat- 

|  ments  1  and  2),  the  centrifuged  culture  (l.e.,  devoid  of  cells)  with  sonic 

|  treatment  (Table  3,  Treatment  3),  and  the  sonlc-treated  culture  centrifuged 

I  and  again  sonlc-treated  (Table  3,  Treatment  4).  Two  important  conclusions 

|  were  drawn:  (1)  virus  aggregation  was  indicated  because  virus  titers  were 

I  increased  by  sonic  treatment  in  serum-free  but  not  in  serum  supplemented 

f  medium,  and  (il)  cell-associated  virus  wss  not  indicated  because  th*  euper- 

|  natant  contained  the  same  titer  of  RVFV,  regardless  of  other  treatment, 

whether  the  tissue  cells  were  present  or  not.  Subsequent  experimentation 
statistically  important  and,  in  effect,  verified  the  treatment. 


‘  TABLE  3.  TITER  OF  RIFT  VALLEY  FEVER  VIRUS  AS  AFFECTED  BY  SONIC  TREATMENT 

i  ______ ____________ ___ 

|  _ Logw  MLCLD^c _ 


i  199  Peptone _ 

j  with  107.  Bovine  Serum 


f  Treatment 

Serum- free 

Repl  1 

Repl  2 

Repl  3 

Mean 

1  1. 

i 

i 

Tissue  cells  +  virus; 
not  sonlc-treated 

5.9 

5.0 

6.0 

5.9 

5.6 

\  2- 

c 

i 

Tissue  cells  +  virus; 
sonlc-treated 

7.0 

5.0 

5.8 

5.8 

5.5 

l 

i 

! 

i 

Tissue  cells  +  virus; 
centrifuged, 3/  solids 
removed,  and  super¬ 
natant  then  sonlc- 
treated 

7.0 

5.2 

5.7 

5.7 

5.5 

4. 

Tissue  cells  +  virus 
sonlc-treated; 
centrifuged,—'  solids 
removed,  and  super¬ 
natant  sonlc-treated 

6.8 

5.5 

6.2 

6.0 

5.9 

a. 

Tissue  cells  were  centrifuged  at  3,000 

r  pm  for 

10  min. 

Ths  knowledge  thst  only  a  small  psrcentsgs  of  virus  Is  cell -associated, 
Along  with  tbs  offsets  of  Bonification  in  a  aarun  «nd  ssrum-frss  medium, 
provides  us  with  necessary  information  for  accurate  assay  of  virus  inf activity 
and  for  further  experimental  design  in  optimising  lnfectivity  end  growth  of 
KVTV  In  a  suspension  culture  system.  In  all  later  work,  sonic  treatment 
for  20  sec  at  10  watte  was  used  for  ell  virus  suspensions. 


B.  EFFECT  OF  TISSUE  CELL  CONCENTKATION  OB  INFECT IVITY 

Different  cell  concentrations  infected  with  a  MOI  of  0,01  were  assayed 
for  peak  titer  after  0,  24,  48,  end  72  hours  after  Infection  (Fig.  1). 

Stetlsticel  analysis  of  these  date  showed  that  cell  concentration  had  no 
affect  on  titer  at  72  hours;  however,  there  was  a  significant 
difference  between  titer e  et  the  different  essay  times  (p  -  <0.01).  The 
24-  or  48-hour  poat-lnfectlon  titers  were  3  to  4  logs  higher  then  the  0 
time  titer.  Between  48  end  72  hours,  the  tltera  declined  to  approximately 
the  seme  level;  therefore,  cell  concentration  within  the  range  of  2  x  lo' 
end  2  x  10®  in  e  suspension  system  does  not  change  the  final  titer  of  the 
culture.  It  is  of  interact  that  e  10,000-fold  increase  in  viral  titer  wee 
obtained  with  2  x  10^  cells  per  ml  at  48  hours.  Once  it  wee  known  chat 
final  titer  does  not  very  with  cell  concentration  at  72  hours  In  a  suspension 
system,  it  appeared  desirable  to  determine  the  optimum  interaction  of  cell  lines, 
cell  concentrations,  end  MOI  in  both  eerum  end  serum-free  media. 


C.  UTIB  SQUARE  DESIGN 


The  Latin  square  experiment  described  in  Section  II  of  this  report  wee 
used  to  test  e  large  number  of  variables  that  could  influence  both  virus 
lnfectivity  end  replication.  The  experiment  was  designed  so  that  an  orderly 
ead  systematic  selection  of  variables  required  for  optimum  lnfectivity  end 
virus  replication  could  be  Incorporated  into  a  formal  factorial  design  for 
optimising  conditions.  Statistical  analysis  of  these  date  (Table  4)  was 
performed  on  peek  titers  et  24,  48,  72,  end  96  hours.  The  analysis  showed 
(1)  •  probable  difference  between  the  two  tissue  cell  lines,  with  L-HA 
Cl  1-1  having  the  higher  virus  yield  (P  ■  <0.10);  (ii)  a  significant 
difference  (P  »  <0.01)  among  the  tissue  cell  concentrations;  however, 
inconsistencies  were  observed,  because  1  x  10 ^  cell  concentration  gave 
the  lowest  peak  titer,  2  x  10'  end  2  x  10^  produced  the  highest  peak 
tltera,  end  1  x  10^  end  2  x  10^  were  intermediate;  (ill)  medium  and  MOI 
had  no  effect  on  peek  titer;  end  (iv)  the  interaction  of  tissue  cell  line 
with  MDI  wee  significant  at  the  951  level.  This  difference  probably  was 
caused  by  the  low  titer  for  the  L-DR  tissue  cell  at  s  MOI  of  0.001  and 
0.0001. 


CELL  CONCENTRATION 


Multiplicity  of  Inoculum  -  0.01. 


TABLE  4.  ANALYSIS  OP  VARIANCE  FOR  PEAK  TITER  OF  RVFV, 
LATIN  SQUARE  DESIGN 


Factor 

df 

Mean 

Square 

F0 

Approx . 
Prob. 

Call  Lina  (CL) 

1 

5.645000 

2.91 

<0.10 

Call  Concentration  (CC) 

4 

9.191875 

7.35 

<0.01 

MDI 

4 

2.185625 

1.75 

NS 

Medium  (Mad) 

4 

1.016875 

<1 

NS 

CL  x  CC 

4 

0.248125 

<1 

NS 

CL  x  MOI 

4 

4.648125 

3,71 

<0.05 

CL  X  Med 

4 

1.548125 

<1 

NS 

Error 

24 

1.251250 

TOTAL 

49 

Analysis  of  variance  was  performed  on  tha  increase  (log  baaa  2  or  fold  Increase) 
batman  Initial  and  peak  titara  (Table  5)  and  showed  (i)  a  significant  difference 
between  the  tissue  cell  lines  tested  (P  »  <0.01),  with  L-MA  Cl  1-1  producing  tha 
greater  fold  increase;  (11)  a  significant  difference  easing  the  tissue  cell 
eaaeaatretione;  (Hi)  a  significant  difference  aamg  MD1  (P  ”  <0.01), 
apparently  due  to  the  low  virus  titer  produced  by  MOT  0.001  and  0.0001 
m  the  1*01  line;  (lv)  no  significant  difference  among  aedla,  and  (v)  a 
significant  interaction  between  cell  lines  and  MDI  at  the  951  level.  The 
results  of  this  analysis  on  increase  in  virus  were  greatly  Influenced  by 
the  initial  virus  titer  of  the  various  treatment  coobinationa,  which  ranged 
fro*  <2.52  to  6.77  for  all  treatment  combinations.  Because  type  of  medium 
wet  not  significant,  values  for  medium  were  conjoined,  and  the  data  are 
presented  graphically  (Fig.  2).  Virus  yield  was  plotted  against  assay 
tine  at  different  MOI  and  cell  concentrations  for  the  two  tissue  cell  lines 
tatted.  The  highest  peak  titer  occurred  for  both  cell  lines  at  a  tissue 
cell  concentration  of  l  x  10°  per  al.  M0X  had  no  effect  on  the  titer 
reeched;  however,  the  tine  to  reach  peak  titer  and  the  fold  replication 
was  dependent  on  MOI  used.  The  only  significant  interaction  was  between 
cell  line  and  MDI  for  both  peak  titer  and  fold  replication  of  the  virus 
(P  ■  <0.005) .  The  L-DR  tissue  e«ll  line  resulted  in  a  much  lewer  peak 
tltar  with  low  tissue  cell  concentration  and  low  HOI.  Since  medium  had 
no  apparent  effect,  it  appears  that,  as  long  ss  tissue  cells  are  kept 
viable,  virus  replication  proceeds  Independent  of  the  type  of  medium 
eaployed.  These  observations  were  used  to  determine  the  variables  tested 
In  the  factorial  experiment  next  reported. 
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TABLE  5.  ANALYSIS  OP  VARIANCE  FOB.  INCREASE  OP  KVTY, 
LATIN  SQUARE  DESIGN 


Factor 

df 

Mean 

Square 

F0 

Approx. 

Frob. 

Cell  Line  (CL) 

1 

10.242340 

8.74 

<0.01 

Cell  Concentration  (CC) 

4 

1.304517 

<1 

ss 

HOI 

4 

14.135447 

12.06 

<0.01 

Medium  (Had) 

4 

1.136287 

<1 

NS 

CL  x  CC 

4 

0.517313 

<1 

MS 

CL  x  HOI 

4 

3.789493 

3.23 

<0.05 

CL  x  Med 

4 

1.465993 

<1 

MS 

Error 

24 

1.171657 

TOTAL 

49 

D.  FACTORIAL  DESIGN 

Fro*  result*  obtained  in  the  Latin  square  experiment ,  three  different 
media  were  tested  In  two  tissue  cell  lines  at  two  different  cell  concen¬ 
trations  and  at  two  HOI .  This  design  placed  emphasis  on  optimising  condi¬ 
tions  for  RVTV  replication  or  growth  in  the  two  tissue  cell  lines  under 
investigation.  MICLD^  were  detemlnad  after  0,  24,  48,  and  72  hours  and 
Incorporated  Into  an  analysis  of  variance.  The  results  of  this  analysis 
(Table  6)  showed  (1)  no  significant  difference  between  the  two  tissue  cell 
lines  tested  because  higher  MOIs  were  used;  (11)  a  significant  difference 
among  the  three  media,  with  199  medium  supplemented  with  serum  producing 
the  highest  peak  titer  (P  “  <0.001) ;  (ill)  a  significant  difference 
(P  ■  <0.0l)  between  tissue  cell  concentrations,  with  the  1  x  10“  concen¬ 
tration  producing  the  highest  titer;  (lv)  a  significant  difference  among 
the  four  assay  time  periods,  with  48  hours  post -infection  producing  the 
highest  peak  titer;  (v)  no  significant  differences  among  MDI;  and 
(vl)  significant  interactions  between  (a)  medium  x  cell  concentration 
(P  -  <0.05),  (b)  mi  x  time  (P  -  <0.05),  (c)  medium  x  HOI  x  tine  (P  -  <0.05), 
and  (d)  HOI  x  cell  concentration  x  time  (P  «  <0.01). 

From  this  analysis  of  variance,  growth  curves  were  plotted  for  each 
medium,  combining  tissue  cell  concentration  and  HOI  (Fig.  3).  In  this 
factorial  experiment,  where  significant  variables  had  been  selected  and 
their  critical  level  evaluated  from  the  Latin  square  experiment,  smaller 
differences  were  detectable.  Medium  containing  serum  wee  significantly 
better  than  medium  without  sarum.  (Tbs  serum  possibly  affected  virus 
replication  or  stability  on  release  from  the  cell.)  HOI  tgaln  was  not 
ststlstlcally  significant,  with  the  higher  HOI  producing  peak  titers  at 
earlier  time  periods  than  the  low  HOI.  Time  of  peak  titer  alao  waa  affected 
by  cell  concentration.  Tissue  cell  concentration  again  was  highly  significant 
Both  tissue  cell  concentration  and  HOI  affect  the  time  of  peek  titer,  and 
the  concentration  of  both  cells  and  HOI  may  be  adjusted  to  effect  the 
desired  time  of  peek  production. 
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FIGURE  2.  RVFV  Curves  Through  96  Hours  in  Two  Cell  Lines  In  Different 
Concentrations  of  Cells  and  Multiplicities  of  Inoculun;  Latin  Square  Design 
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FIGURE  3-  RVFV  Growth  Curves  Through  72  Hours  in  TVo  Call  Lines  in 
Different  Media,  Cell  Concentrations,  and  Multiplicities  of  Inoculum; 
Factorial  Design. 


tv .  DISCUSSION 


Generally,  the  growth  curve  of  R?FV  in  a  suspension  system  Is  not  unlike 
the  general  growth  curves  developed  by  Johnson  and  Or la..doir  for  a  m-molayer 
system  a  lag  or  latent  period,  a  log  or  exponential  growth  phaee,  and  e 
stationary  phase  preceding  a  death  phase  vst*  observed.  The  tine  of  initta  •• 
tion  and  length  of  each  phase  was  dependent  on  KOI  and  cell  concentration. 

The  peak  titer  was  not  affected  by  any  of  the  variables  studied,  indicating 
that  Inhibit*  "m  or  possibly  inactivation  c£  ’•he  virus  rs'.sea  place  at  appicxi- 
■sttly  the  Sv-.se  peak  level  of  growth.  The  fact  that  the  mean  fold  replica¬ 
tion  of  virus  varied  by  2.8  legs  but  still  reached  toe  same  peak  titer 
supports  the  probability  that  viral  replication  stops  because  of  inhibitory 
interaction  between  virus  and  tissue  cells. 

Significant  difference*  between  growth  of  RV7V  in  a  suspension  and  in  a 
monolayer  culture  are  (i)  the  lack  of  cell-associated  virus  in  suspension 
culture,  as  contrasted  to  the  observations  of  Johnson  and  Orlando1*  for 
anno layer  systems;  (11)  the  initiation  of  infection  and  growth  to  the  same 
peak  titer  at  very  lew  multiplicity  of  inoculum  as  contrasted  to  the  mono- 
layer  system. 16  We  suggest  that  the  ability  of  law  MOI  to  reach  the  sane 
peak  titer  may  be  attributable  to  the  fact  that  cells  and  virus  in  suspen¬ 
sions  are  constantly  In  motion  and  consequently  have  multiple  contacts 
and  possibilities  of  cell  attachment,  but  movement  of  virus  in  monolayer 
system  Is  essentially  Brownian  motion.19 

The  lack  of  cell-associated  virus  in  suspension  culture  indicates  that 
the  virus  is  released  to  the  medium  soon  after  Its  formation  within  the 
tissue  cell.  This  observation  contrasts  with  the  findings  of  Johnson  and 
Orlando,16  but  is  supported  by  unreported  work  in  our  laboratories. 

Dr.  L.E.  Schneider*  was  unable  to  demonstrate  virus  aggregates  within  the 
cell  by  fluorescent  RNA-speclflc  staining  techniques. 


increases  in  peak  virus  titer  as  high  as  10-fold  were  attributable  to 
sonic  treatment  of  virus  produced  in  serum-free  medium,  a  difference  that 
was  not  observed  when  RVFV  was  propagated  in  a  serum-supplemented  medium. 
Because  inactivation  of  virus  appears  to  be  ruled  out,  the  Increase  In 
titer  resulting  from  sonic  treatment  most  likely  is  attributable  to  changes 
in  viral  aggregate  or  molecular  properties. 


*  Personal  communication . 
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The  L-DR  cell  did  not  produce  virus  when  the  MOX  was  O.OOOl  with  cell 
concentrations  of  2  x  10^,  1  x  10-*,  and  2  x  10^  or  at  an  HOI  of  0.001 
with  a  cell  concentration  of  2  x  10^;  however,  the  L-MA  Cl  1-1  line  produced 
virus  to  the  same  titer  as  at  higher  HOI  or  cell  concentrations.  The  L-DR 
cell  was  grown  in  serum-containing  medium;  the  L-MA  Cl  1-1  line  was  pot. 

ThiB  difference  in  cell  lines  could  be  genetic;  however,  we  believe  it  to 
be  more  likely  a  physiological  or  morphological  change  attributable  to  the 
serum,  which  affects  either  virsl  attachment  sites  or  possibly  attachment 
sites  and  replication. 

From  the  growth  curves  established,  and  the  great  number  of  variables 
tested,  it  appears  that  optimum  growth  of  RVFV  in  the  suspension  system 
is  dependent  on  the  tissue  cell  line  only,  Irrespective  of  M01,  concentra¬ 
tion  of  tissue  cells,  or  medium  employed  during  infection.  Moreover,  for 
optimum  yields  within  a  tissue  cell  line,  the  only  limiting  factor  la  tba 
incubation  time,  which  Is  entirely  dependent  on  the  MOI  and  concentration 
of  cells  used  in  a  suspension  tissue  culture  system.  Melnlck,aa  working 
with  poliomyelitis  virus,  also  noted  that  peak  titer  was  not  affected  by 
Inoculum  size;  however,  the  time  at  which  the  peak  titer  developed  was 
dependent  on  the  size  of  Inoculum.  It  la  also  apparent  from  these  observa¬ 
tions  that  serum  stabilizes  the  lnfectioua  virus  particle  over  prolonged 
periods  of  incubation.  Therefore,  if  serum-free  medium  is  used  as  the 
infecting  medium,  then  a  high  MOI  and  high  cell  concentration  should  be 
used  to  shorten  the  Incubation  time.  It  is  apparent,  too,  that  RVFV  can 
be  grcsm  efficiently  In  a  suspension  system  producing  high  yields  of  infec¬ 
tious  RVFV  particles.  Such  a  system  for  other  arboviruses  seems  directly 
applicable  to  producing  high  virus  yields  for  vaccine  production  or  to 
concentrating  infectious  RMA  protein  for  chemical  and  genetic  evaluation. 


-vg  $ 


* 

3 

i 


*  * 


liUHHMi-i! 


23 


LITERATURE  CITED 


1.  Dauhnev,  R. ;  Hudson,  J.R. ;  Garnham,  P.C.  1931.  Enzootic  hepatitis 
or  Ri£t  Valley  fever:  An  undescribed  virus  disease  of  sheep,  cattle, 
and  man  from  East  Africa.  J.  Pathol.  Bacterlol.  34:545-579. 

2.  Saddington,  R.S.  1934.  In  vitro  and  in  vivo  cultivation  of  the  virus 
of  Rift  Valley  fever.  Proc.  Soc.  Exp.  Biol.  Med.  31:693-694. 

3.  Kaachula,  V.R.  1953.  The  propagation  and  modification  of  strains  of 
Rift  Valley  fever  virus  In  enbryonated  eggs  and  their  use  as  inxnunizing 
agents  for  domestic  ruminants.  Thesis,  Doctor  of  Veterinary  Science, 
University  of  Pretoria,  South  Africa. 

4.  Weiss,  K.E.  1957.  Rift  Valley  fever:  A  review.  Bull.  Epizootic  Dls. 
Africa  5:431-458. 

5.  Easterday,  B.C.  1961.  Experimental  Rift  Valley  fever.  Doctoral 
Thesis,  University  of  Wisconsin,  Madison,  Wisconsin. 

6.  Easterday,  B.C.  1965.  Rift  Valley  fever.  Advances  Vet.  Sci. 
10:65-127. 

7.  Endo,  M.  1951.  Sur  le  variant  neurotrope  de  virus  de  la  fievre 

de  la  Vallee  du  Rift  obtenu  par  la  culture  du  tissue.  Virus 

(Kyoto  Univ.)  1:42-50. 

8.  Mackenzie,  R.D.  1933.  The  cultivation  of  the  virus  of  Rift  Valley 
fever.  J.  Pathol.  Bacterlol.  37:75-79. 

9.  Takemori,  N. ;  Nakano,  M. ;  Heoml,  M. ;  Ikeda,  H. J  Yanaigida,  S.; 

Ketaoka,  M.  1954.  Destruction  of  tumor  cells  by  Rift  Valley  fever 
virus.  Nature  174:698-700. 

10.  Takemori,  N. ;  Nakano,  M. ;  Hamml,  M.  1955.  Plaque  formation  with 

Rift  Valley  fever  vims.  Virology  1:250-251. 

11.  Takemori,  N. ;  Nakano,  M. ;  Ketaoka,  M.  1955.  Propagation  of  Rift 

Valley  fever  virus  In  ascites  hepatoma  cells  of  the  rat:  Production 
of  a  new  variant  of  the  virus.  Virology  1:58-83. 

12.  Iwasa,  S.  1959.  Multiplication  of  Rift  Valley  fever  virus  in  human 
liver  cell  culture,  with  special  reference  to  production  complement 
fixing  antigen  Jap.  J.  Exp.  Med.  29:323-334. 

13.  Plcwrlght,  W.  ;  Ferris,  R.D.  1957.  Rift  Valley  fever:  Tissue 
culture.  E.  African  Vet.  Res.  Organization,  Annu.  Rep.  28-29. 


24 


14.  Randall,  R. ;  Gibbs,  C.J.;  Aullslo,  C.G.;  Binns,  L.M.  1960. 
Development  of  a  formalinised  Rift  Valley  fever  vaccine.  Federation 
Proc.  19:219. 

15.  Orlando,  M.D. ;  Delauter,  R.D. ;  Riley,  J.M.  1967.  Effect  of  virus 
input  multiplicity  and  tissue  cell  concentration  on  growth  of  Rift 
Valley  fever  virus.  Appl.  Microbiol.  lS:594-596. 

16.  Johnson,  R.W. ;  Orlando,  M.D.  1968.  Crowth  of  Rift  Valley  fever 
virus  in  tissue  culture.  Amer.  J.  Vet.  Res.  29:463*471. 

17.  Boyle,  J.J.  1967.  Some  characteristics  of  plaque  variants  of  Rift 
Valley  fever  virus.  Amer.  J.  Vet.  Res.  125:1027*1031. 

18.  Finney,  D.J.  1952.  Statistical  method  in  biological  assay,  p.  524- 
530.  Hefner  Publishing  Co.,  New  York. 

19.  Allison,  A.C.;  Valentine,  R.C.  1960.  Virus  particle  adsorption: 

II.  Adsorption  of  vaccinia  and  fowl  plaque  viruses  to  cells  in 
suspension.  Biochim.  Blophys.  Acta  40:393-399. 

20.  Daniels,  W.F.;  Parker,  D.A.;  Johnson,  R.W. ;  Schneider,  L.E.  1965. 
Controlled  pH  and  oxidation-reduction  potential  with  a  new  glass 
tissue-culture  fermentor.  Biotechnol.  Bloeng.  7:529-553. 

21.  Weirether,  F.J.;  Walker,  J.S.;  Lincoln,  R.E.  1968.  A  precise  method 
for  replicating  suspension  cultures  of  mammalian  cells.  Appl. 
Microbiol.  16:841-844. 

22.  Melnick,  J.L.  1955.  Tissue  culture  techniques  and  their  application 
to  original  isolation,  growth,  and  assay  of  poliomyelitis  and  orphan 
viruses.  Ann.  S.Y.  Acad.  Sci.  61:754-773. 


DOCUMIMT  CONTROL  DATA  RAD 


wmmssaEEmBmmi 


MW!  HIIIKK  (UMnC»l«< 

Unclassified 


EVALUATION  Or  FACTORS  RELATED  TO  GROWTH  OF  RIFT  VALLEY  FEVER  VIRUS  HI  SUSPENDED 
CELL  CULTURES 


Jerry  S.  Walker 

Shirley  E.  Snowden 

Richard  C.  Carter 

Ralph  E.  Lincoln 

Frederick  (rod)  Klein 

L  ItKtaftt  DAVt 

March  1969 

k  cwtllict  am 

•  RANT  mo. 

k  »*AJlCT  MO. 

1B563603D426 

7*  rot  aw  no.  or  r**u 


ir  wtm  nr  u 


•A  OMUMATOH*!  HIROHt  WU^tHW 


Technical  Mftnutcript  511 


If,  QtlTTOlU TlOW  ITATlMtNT 

Qualified  requesters  My  obtain  copies  of  this  publication  from  DDC. 

Foreign  announcement  and  dissemination  of  this  publication  by  DDC  Is  not  authorized. 
Release  or  announcement  to  the  public  Is  not  authorized. 


Department  of  the  Army 

Fort  Detrlck,  Frederick,  Maryland,  21701 


v  The  effect  of  several  controlled  variables  on  the  peak  titer  and  fold  Increase  of 
Rift  Valley  fever  virus  grown  in  suspension  culture  on  two  variants  of  Earle  L  cell, 
L-DR  and  L-MA  Clone  1-1,  was  studied.  No  significant  amount  of  cell-associated  virus 
was  found  at  24  hours,  indicating  a  release  of  virus  soon  after  its  formation.  Mild 
sonic  treatment  of  the  virus  produced  in  serum-free  medium  increased  the  infective 
tltar  about  10-fold.  This  difference  was  not  observed  with  virus  produced  in  medium 
supplemented  with  serum.  Peek  titer  Is  not  affected  by  medium  used  during  the  infec¬ 
tion  period,  mult^pUclty  of -inoculum  (MO I) ,  or  initial  cell  concentration  within  the 
range  test  of  ljtw  to  2^r-W*c4lls  per  ml.  Cell  strain  employed  Influenced  titer, 
because  the  L-DR  call  did  not  produce  virus  efficiently  at  lrae  MOI  and  lw  Initial 
call  concentration.  The  time  of  peak'tj-ter  and  fold  replication  was  dependent  on  MOI 
and  Initial  cell  concentration.  Differences  in  virus  propagation  in  monolayer  and 
auapsualon  systems  are  discussed.  (  \  ^  JL  '  /  c<  ^ 
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